: Correlations between of log-transformed bovine marker and porcine marker abundance in Copies 100mL -1 . Bold characters in the table indicate significant correlations between markers Table S3 : Variation of physicochemical, parameters, precipitation, nutrients, genetic markers and fecal indicator bacteria with land use and buffer zones during base flow, spring melt & summer rain. Land-use groups were differentiated by ANOVA and the post hoc Tukey's honestly significant difference (HSD) test (α < 005) are designated by distinct letters. Bold character shows strong relationships. Table S4 . Correlation between bovine and porcine markers with nutrients and environmental Factors under agricultural, forested and all land use categories during baseflow, spring melt and summer rain. . Hierarchical clustering of bovine and porcine markers, nutrients (total nitrogen, total phosphorus, nitrate-nitrite, soluble reactive phosphorus, and ammonium), dissolved oxygen (DO), temperature, precipitation, pH, and streamflow during baseflow (A), spring melt (B) and summer rain (C). Colors in left-hand column denote dominant land use/cover: agricultural (brown), urban (pink) and combined forest and wetland land use/cover as natural (green) 
Methodology section (SS1)

Digital Droplet PCR
Each reaction mixture contained 11 μL of 2x ddPCR Supermix, 10 μM of each primer (900nM), 10 μM of probe (250nM), 1 μL of PCR-grade H 2 O, and 5 μl of sample DNA. Table S1 summarizes the cow and pig primers and probe sequences. The reaction mixture was then combined using microfluidics with droplet generation oil, where 20 µL reaction mix per sample was loaded in parallel wells with 70 µL generation oil in a DG8 cartridge and run using the Droplet Generator with droplets transferred to a 96-well PCR plate, heat-sealed using a foil plate seal (Bio-Rad, Hercules, California, USA), and then placed in a Bio-Rad iCycler® (Bio-Rad, Hercules, California, USA) Thermocycler for PCR amplification. After PCR amplification, the plate was transferred to the Bio-Rad Droplet Reader for concentration reading and QuantaSoft software was used for data extraction.
Results section (SS2)
Physicochemical parameters
Physicochemical parameters (T, pH, DO) varied with seasons with lowest water temperature in the spring and the highest in summer. Water temperature ranged from 17.5 to 6.8 ºC in fall, 9.3 to 0 ºC in the spring, and 22.7 to 12.8 ºC in summer. As expected, water temperature varied strongly with seasons (F = 846, p < 0.0001). Water temperature also varied with land use and a subset of land covers during fall season (Land use: F = 4.5, p = 0.006; cropland: F = 6.5, p = 0.0006) but not during spring and summer. Measured pH ranged from: 8.3 to 7.2 in fall, 8.2 to 7.5 in spring, and 8.5 to 7.8 in summer. pH also varied with land uses / covers of drained watersheds in Spring (land use: F = 4.6, p = 0.005; land cover: F = 3.0, p = 0.039) and Summer (land use: F = 3.2, p = 0.028; cropland: F = 3.3, p = 0.025). pH also varied with riparian 60 m buffer zones in the spring (F = 4.0, p = 0.013) but not during BF or SR. Dissolved oxygen (DO) was measured for general assessment of biotic life status in rivers during the study period. Dissolved oxygen concentrations ranged from 1.5 to 0.8 log10 mg/L in fall, from 1.0 to 0.6 log10 mg/L in spring and from 1.2 to 0.2 log10 mg/L in summer. Dissolved Oxygen varied with seasons (F = 7.0, p = 0.0014), land use in the SM and SR (spring: F = 5.0, p = 0.0036 and SR: F = 4.0, p = 0.0132), and during the spring with cropland and riparian 60 m buffer zones (F = 4.5, p = 0.006 and F = 3.3, p = 0.0241 respectively).
Nutrients
Nutrient concentrations (log 10 mgL -1 ) in the fall season ranged from: 3.7 to 1.9 of TN, 2.5 to 0.9 of TP, 3.7 to 0.0 of NOx, 2.4 to 0.0 of NH 3 , and 2.4 to 0.2 of SRP. Nutrient concentrations (log 10 mgL -1 )
during Spring Melt ranged from: 3.8 to 2.4 of TN, 2.7 to 0.9 of TP, 3.8 to 0.4 of NO X , 2.5 to 0.2 of NH 3 , and 2.5 to 0.6 of SRP. During summer, nutrient concentrations (log 10 mgL -1 ) ranged from: 3. to 2.1 of TN, 2.0 (Raisin River) to 1.0 (Big Sable River) of TP, 3.7 to 0.0 of NO X , from 2.8 to 0.0 of NH 3 , and from 1.5 to 0.41 of SRP. Seasonal variations were associated with change in concentrations of nutrients associated with spring melt and rainfall effects (TN: F = 9.0, p = 0.002; TP: F = 40.0, p < 0.0001; NO X : F = 7.0, p = 0.0013; NH3: F = 26.5, p < 0.0001; and SRP: F = 6.4, p = 0.002). Land uses were associated with nutrient concentrations (F = 34.0 -3.0, p < 0.0001), where high nutrients concentrations were observed in agricultural and urban areas drained by studied rivers. Croplands also contributed to variation in nutrients (F = 24.4 -5.0, p < 0.0001). Nutrients concentrations also varied with riparian 60 m buffer zones across studied rivers (F = 14.6 -2.5, p < 0.0001).
Fecal Indicator Bacteria
Fecal indicator bacteria (total coliforms and E. coli) were measured in all collected samples and herein we only used concentrations of E. coli to avoid collinearity related to correlation between E. coli and total coliforms (R = 0.5 to 0.64 across studied seasons). The concentration of E. coli (log10 CFU mL -1 ) ranged from 3.0 to 0 in the fall, 2.9 to 0 in the spring and in the summer. Concentrations of E. coli varied with seasons (F = 4.5, p = 0.012) and land use (F = 17.2, p < 0.0001) where E. coli concentrations were high in agricultural and urban dominated watersheds. The variation of E. coli concentrations with riparian 60 m buffer zones (F = 9.0, p <0.0001) of studied rivers had a similar pattern where high concentrations were observed in agricultural and urban areas with riparian 60 m buffer zones. Croplands within land use categories of studied watersheds contributed to E. coli variation (F = 7.0, p <0.0001). Figure S1 . Map showing detection of bovine marker (A, B and C) and porcine marker (D, E and F) across sampled watersheds and seasons: base flow (A and D), spring melt (B and E), and summer rain (C and F). Color indicates result: not sampled (grey and black), detected (red) and non-detect (blue). Figure S2 . Hierarchical clustering of bovine and porcine markers, nutrients (total nitrogen, total phosphorus, nitrate-nitrite, soluble reactive phosphorus, and ammonium), dissolved oxygen (DO), temperature, precipitation, pH, and streamflow during baseflow (A), spring melt (B) and summer rain (C). Colors in left-hand column denote dominant land use/cover: agricultural (brown), urban (pink) and combined forest and wetland land use/cover as natural (green 
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